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Abstract 
A continuing stream of new product development engineering is essential to ensure long-term companies’ health. The new 
product development process is the interactive effects among different companies’ engineering and marketing departments. At 
the final step of the commercialization, successful diffusion of innovations plays a key role in a dynamic competitive 
environment, needing the corporation of internal and external engineers, marketing people and right diffusion strategy making. 
The previous research build one-dimensional, two-dimensional, and three-dimensional product diffusion model of competing 
product in one market, which is conflict with the reality thus limit the application. This paper establishes a general mathematical 
model on multi-firms’ competition, extending three-dimensional model to multi-dimensional competition systems in a dynamical 
environment. The model assumes that there are many firms in the product life cycle and they are in an intense competition. Based 
on this new model, we demonstrate various diffusion strategies for firms of different size. The research result is consistent with 
Bass’ model. However, this paper set up a bridge by linking the micro-firms level with the macro-industry level in one product 
innovation engineering diffusion process. The theoretical discussion and managerial implications are provided at the end of the 
paper. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Product innovation and diffusion is the key to the existence and development of companies. A new product is 
generally introduced by a company when a favourable sales and profits estimate has been made. This estimation are 
shaped by many factors, including the size of potential market, the nature of competition, and most important of all, 
the diffusion process and responding strategy. Practical evidence demonstrates that application of right product 
innovation and diffusion strategy is very important to improve company’s market share and gain the premium 
revenue. In the real world, product innovation diffusion means that there is a process of innovation communication 
among different actors in the society in a certain way. Recently, with the rapid development of Information and 
 
* Corresponding author. Tel.: +8610-010-88816349; fax: +8610-010-88810062. 
E-mail address: caohongxing@bfsu.edu.cn 
 2011 ublished by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
298  Cao Hongxing and Yang Pengfei / Systems Engineering Procedia 3 (2012) 297 – 306Cao Hongxing, Yang Pengfei/ Systems Engineering Procedia  00 (2012) 000–000 
Communication Technology, new product development and diffusion process become more open and complicated. 
Since it was coined by Henry Chesbrough in 2003 [1], the term “open innovation” has been recognized and accepted 
by academy and practical world. Companies seek external ideas outside their own walls while sharing internal ideas 
they can’t use with other firms. Internal and external R&D people, product designers and engineers, marketing 
people, and other functional department increasingly work together in new product development and diffusion 
process for gaining benefits from the stronger power of more attractive innovative product. Companies face more 
intense and complex competitive environment. The new condition asks for new explanation and solution. 
The topic of innovation diffusion has been studied in depth by scientists from different disciplines, including 
sociologists, economists, and marketers. There are two different streams of researches based on stand points. One is 
from the adopters or users side and the other is from company side. Most researches of the former stream focus on 
the adoption behaviour of individual customer by using consumer psychology and behaviour theory and sociological 
method, such as survey and field research. These scholars apply the method of “aggregation” to get the pattern of 
innovation as a whole at the micro level [2, 3]. For the latter, there are different perspectives and methods. Model 
building is one of the representative researches. Product innovation diffusion model is advocated by Bass in 1969[4], 
which is the foundation of this field and have produced many fruits in the following 40 years [5]. Bass model 
explores the process of product diffusion in the society from the perspective of product category in the macro level, 
which is a simple, elegant model that makes a number of important assumptions. After that, much research in this 
field has focus on relaxing several of these assumptions. For example, some scholars conduct flexibility analysis to 
change some basic hypothesis in the Bass model. However, their researches are macro description of diffusion 
phenomenon. Essentially, these research don’t demonstrate competitive features and far away from the reality. The 
micro mechanism of macro diffusion has no clear and satisfied answer. For example, what is the role of companies 
in the diffusion process? What are relationships among different companies and product category diffusion? 
Obviously, there are a lot of blanks in this field and need further research. 
The original Bass model assumes that marketing actions don’t affect the diffusion process and innovation 
diffusion is a deterministic process. These two assumptions are conflict with the truth. There are much research 
incorporate stochastic elements of marketing mix in the model, such as price and advertising.  However, the 
competition behaviour is lack of research efforts. Market competition is very complex. Companies face the 
competition from manufacturers of same category, substitute product providers, and new entry companies. Bass 
model only aims at the selling rules of single product entering the market. It doesn’t consider the situation of the 
competition of same category product from different companies. A scholar was enlightened by the relationship of 
two species’ competition in the food chain. Therefore, he use this illumination to research the selling rule of two 
companies in the same product category [6]. Another research discusses the competition and diffusion behaviour of 
two products by the influence of advertisement media [7]. Yumei Yu, Wendi Wang and Yong Zhang describe the 
dynamics of three competing products in one market [8]. Latterly，Hertweck et al discuss the pricing strategy in 
competitive condition and construct a decision table of the most effective counterstrategy [9]. Ho and Huang use 
Bayesian approach to discuss life of innovative product in competition [10]. From the angle of dynamic competition, 
Namwoon constructed empirical research of new product category diffusion and analyzed the mechanism of entry 
and exit of companies in the diffusion process [11]. The above research study and build one-dimensional, two-
dimensional, and three-dimensional model of competition systems in product diffusion process. Because business 
data keep secret and is very hard to collect, this research can’t be empirical analyzed, which limit the application of 
the research results. In conclusion, there is no further research to extend three-dimensional model to multi-
dimensional competing products in one market. 
In the practice, an innovative company introduces a new product thus build a new category, which is the start 
of product life cycle. Later, there are some companies entering into this industry at different point. They make use of 
their brands to compete in the market and get market share. Therefore, in nature, product diffusion process is a 
process in which different companies have fierce competition at different time and influence diffusion behaviour. 
The changing demand and the entry and exit behaviours of competitors in the marketplace are very essential in 
making resource commitments. Based on above analysis, this paper constructed a micro diffusion model in multi-
dimensional competing product in one market. The second section builds the model assuming that there are m firms 
which produce the same product but have different quality and promotion strategy. At the third section, the life cycle 
of an innovative product is divided into three stages: introduction, maturity and decline. Under these three 
conditions, we give the solution of non-linear product diffusion equations. The fourth section provides the findings, 
and discusses their theoretical and managerial implications. We conclude with limitations and suggested extensions 
of our research. 
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2. Building product innovation diffusion model in multi-firms competition 
Bass model assumes that the diffusion speed is mainly influenced by two communication channel when a new 
product launched in the market. One is the mass communication media, such as advertisement and other external 
influence, which communicate the easily seen and verified parts of product performance, such as price, size, colour 
and function. The other is oral communication, which the adopters’ disseminate by internal influence. This channel 
communicates some difficult verified function, such as reliability, convenience and durability [12]. According to this, 
Bass divided adopters as two groups: one group is only influence by external factors (Mass media); another group is 
only influenced by internal factors (oral communication). Bass named the first one as innovator and the second one 
as imitator. 
Bass model is as follows: let the number of accumulated purchaser at time t is N(t) and potential adopters is M. 
In the range of time △t, the increasing number of purchaser △N(t) is composed of two parts: The first part is the 
increasing number of purchaser influenced by external factors, expressed as ttNMp Δ− ))(( ; the second part is the 
increasing number of purchaser influenced by internal factors, expressed as ttNM
M
tN Δ− ))(()(q , where p and q are 
coefficient of external factors and internal factors respectively. If we plus these two parts and view the diffusion 
process of new product as a continue process, then we have:  
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Since accumulated sales volume when new product begins to sell is 0, that is N(0)=0, therefore we solve the 
differential equation and get: 
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This is the Bass model of new product diffusion. The number of purchasers at time t is: 
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From micro perspective, we can get model of product innovation diffusion process in multi-firms’ competition: 
Assuming there are m firms which produce the same product, the number of purchaser at time t is 
 respectively, the total number of potential adopters is)(t,),(),( 21 NtNtN mΛ ))()()(( 21 tNtNtNM m+++> Λ . Considering 
the increasing number of purchaser of the k (k=1,2,…,m) firms at △t is deal by Bass model, that means the 
increasing number concludes two parts: one is the increasing number of purchaser influenced by external factors, 
expressed as ; another part is the increasing number of purchaser influenced by 
internal factors such as oral communication, expressed as 
)(tN kΔ
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1 k kq ,  where  and q  
are coefficient of external factors and internal factors respectively. Put these two parts together and view the product 
diffusion process as a continue process, and then we have: 
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Therefore, the model of new product diffusion in multi-firms competition is: 
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The above model building process is from the angle of consumer market, that means when any firm sales a unit 
product, the potential market share will be decreased a unit. The interactive influence among firms’ selling 
competition is based on external factors ),,2,1( mkpk Λ=  and internal factors ),,2,1( mkk Λq = . Each firm has 
different external and internal factors due to its different competitive advantages. 
 
3. Solve the model equation 
In this section, we solve the equation (1). According to value of the parameter q , there are three cases. k
qqqq m ==== Λ21 , then we have the following result. Case 1: If
Theorem 1: (1) If 021 ===== qqqq mΛ , then the solution of equation (1) can express as  
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� If q=0, we can rewrite equation (2) as    
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� If q≠0, we can rewrite equation (2) as 
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.,
)]0([)]0([
)]0([)]0([)( )(
)(
tqp
tqp
eNMqqNMp
eNMpqNMpMtN +−
+−
−++
−−+=  
 
where . Combining this with equation (1) ，we get mppp ++= Λ1
 
)](][
)(
[
)( tNM
M
tNqp
dt
tdN k
k
k −+= , 
 
for all . Therefore we have mk ,,2,1 Λ=
 
dt
eNMqqNMp
eNMqpMdttNM
M
tNqp
tdN
tqp
tqp
k
k
k
)(
)(
)]0([)]0([
)]0()[()]([
)(
)(
+−
+−
−++
−+=−=
+
. 
 
By solving this equation, we obtain 
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Corollary 1：If we let )()()()( 21 tNtNtNtN m+++= Λ ，then  satisfies the equation )(tN 
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  i.e. N  satisfies the Bass model。 )(t
Proof：This is the equation (2) in the proof of Theorem 1. 
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Case 2：If are not the same，and all are strictly positive，we have the following result. m
mqqq ,,, 21 Λ
qqq ,,, 21 Λ
Theorem 2：If are not the same，and all are strictly positive，then the solution of equation (1) can 
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Where the function Y  satisfies following equation )(t
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We solve this equation and get 
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Since it is obvious that 0)0( =Y ，then  satisfies the differential equation )(tY
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Because the equation (4) has only one solution, then ) is a determinate function and the solution of equation (1) is 
given by (3). The proof is complete。 
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Where the function )Y  satisfies following equation (t
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In following, we calculate the integral in the left hand of (5). 
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Since it is obvious that )0( =Y ，then  satisfies the differential equation )(tY
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Because the equation （8） has only one solution, then ) is a determinate function and the solution of equation 
(1) is given by (6) and (7).  That is 
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The proof is complete。 
Corollary 4：Let
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4. Conclusions 
4.1 The consistence of micro level and macro level of the model 
We can make the following conclusions from Corollary 1: If the internal factors of all firms are same, the total 
volume of accumulated sales of all firms )()()( 1 tNtNtN m++= Λ  satisfies the Bass model with coefficient of 
external factors is , which is the sum of each firms’ coefficient of external factors. Therefore, the 
sum of Bass model of each firm is consistent with the result of Bass model of the category of this product, meaning 
that the result of micro level is consistent with the result of macro level. If each firm has the similar coefficient of 
internal factors in the industry, the total sales volume can be describe by Bass model, which is the applicable range 
of Bass model in the practice. 
mppp ++= Λ1
 
4.2  The roles of coefficient of external factors in different time 
In the corollary 2, we can get: when all firms have the same coefficient of internal factors, the current sales 
volume of the k firm is: 
 [ ]
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If ,  is an increasing function of1)− (nk(* +=≤ qpTt )t )( kjp j ≠ , in which the advertisement of product category 
will make all firms benefit. If , then  is a decreasing function of *Tt ≥ )(tnk )( kjp j ≠ . Later, there is more fierce 
competition, the advertisements of competitors do harm for the firm, consistent with the practical phenomenon. 
 
4.3 The roles of coefficient of internal factors 
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We can get following conclusion from corollary 3: the current sales volume of firm is 
( ) )(t )t (k]0[)( )( YeMpqNtn tYqkkkk k ′+=
kp
 and  is an increasing function of t. The current sale volume n  is a linear 
function of  while is an exponential function of . Obviously, the exponential function is increased faster than 
linear function. If the firm tries to develop in the long term, the coefficient of internal factors is more important than 
the role of the coefficient of external factors. That means the features which can not verified (reliability, 
convenience and durable) exert more important influence on consumers by oral communication than others. 
Therefore, public raise contribute more to the sales volume in the long term. Firms should improve product quality 
and service, promoting customer relationship management and increasing customer satisfaction. 
(Y )t
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4.4 The total effects 
From the corollary 4, the market share of the k firm is 
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which is a linear function of . The firm get bigger sales volume in the beginning will get more market 
share in the late time, reflecting the motive of the first mover. Although the firm has to invest more in the first time, 
from the benefit in the long term, the firm which has large resources should first enter the market. As for the small 
firm, its sales volume 
kkN  is very small, therefore, the firm should improve the coefficient of external factors  
as possible as it can, the advertisements and other mass media play more important role for its market share. 
MpqtN kkk +)(
qt)( kp
 
4.5 Implications 
In the model building, the three categories of  is correspondent with the theory of product life cycle. The 
first case can be viewed as introductory period of new product, which consumers have low awareness about the new 
product. At this time, the coefficient of internal factors may have two possibilities: one equals zero because the 
product is originally new, in which the key of marketing is to use mass media and get adopters as soon as possible. 
These adopters may become the opinion leaders and produce demonstration effect. Another is some new products or 
technologies supported by government, although in the stage of introductory, there is a good will in the potential 
consumers. The key of company is to make unique position strategy to differentiate its competitors, thus building 
competitive advantages. 
kq
In the second case, there is different coefficient of internal factors of each firm. The new product enters the 
growth or maturity period. Now consumers have more knowledge about the product, based on different evaluations, 
there have different coefficients of internal factors. From the long-term perspective, the coefficient of internal 
factors plays more important role than that of external factors. The firms’ long-term benefit depend more on 
product’s quality, feature, service and other added value. The effect of advertisement happens only in the short time. 
If firms only focus on this promotion tool, they have to invest big money but bring high risks in the future. There is 
a typical example in China. A famous liquid company in Shandong Province put surprised investment on 
advertisement to get the No.1 advertiser in the CCTV, which is the first state-owned TV station in China. After 
clustered exposure, the big burden made the company break down. Therefore, company should make right strategy 
of communications. General, powerful company becomes leader while small and middle company becomes 
follower. 
In the third case, the coefficients of internal factors of some firms become zero, which is in the period of 
decline. Some firms retreat from the market while some firms begin a new cycle of product innovation diffusion. In 
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all, the model explains the micro mechanism of product category diffusion and verifies Bass model in the macro 
level. Moreover, companies may choose different product innovation diffusion strategy according to their strength. 
Therefore, this paper is helpful for us to deeply understand the process of new product diffusion. However, due to 
the inaccessibility of companies’ data, the empirical analysis of the model is difficult to conduct. The empirical 
examination will be the further research in the future. 
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